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Materials and Methods

Bacterial strains and plasmids
We used a P-kaiBC reporter strain of Synechococcus elongatus PCC 7942, NUC42 (S1), as a control strain for this study. NUC43 (S1), in which kaiABC gene cluster was replaced with a kanamycin-resistance gene, was used as a host for the pCkaiABC targeting vector (S2), which was used to reintroduce kaiABC cluster into the original kai locus.
Escherichia coli DH5-α and BL21 were used as hosts for plasmid construction and expression of glutathione S-transferase (GST) fusion proteins, respectively.
In vitro assay of KaiC phosphorylation
Recombinant KaiA, KaiB, and KaiC proteins were produced in E. coli and purified as described (S3), except that KaiB was further purified by Superose 6 gel-filtration chromatography with 20 mM Tris-HCl, pH 8.0, 0.5 mM EDTA, 150 mM NaCl. KaiC (0.2 µg/µl) was incubated with KaiA (0.05 µg/µl) and KaiB (0.05 µg/µl) in reaction buffer (20 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.5 mM EDTA, 5 mM MgCl 2 , 1 mM ATP) at 30°C ( Fig. 1 and Fig. 3 ) or 25°, 30°, and 35°C ( Fig. 2 ). Aliquots (3-µl) of the reaction mixtures were collected every 2 hours, and the reaction was stopped by addition of SDS sample buffer: 62.5 µM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol). Samples were subjected to SDS-PAGE on 7.5% gels followed by Coomassie Brilliant Blue staining.
NIH image software, version 1.61, was used for densitometric analysis.
PCR-based mutagenesis
Cyanobaterial mutants used in this study were prepared with PCR-based mutagenesis (S1). Region of the kaiC gene was amplified by PCR, using pCkaiABC as a template.
Primers used for mutagenesis were as follows [up (5'-TTATCCGACCATGAGAAAGT-3') (nucleotides -124 to -143 of kaiC) and low (5'-AGGTTGGCGGCTTCGAT-3') (nucleotides +365 to +346 of kaiC); up (5'-TTATCCGACCATGAGAAAGT-3') (nucleotides -124 to -143 of kaiC) and low (5'-AGGTTGGCGGCTTCGAT-3') (nucleotides +1178 to +1159 of kaiC); or up (5'-AATATCCGTTCACGATTACG-3') (nucleotides 700 to 719 of kaiC) and low (5'-GGGCCGGAGAGCTAG-3') (nucleotides +1158 to +1543 of kaiC)]. The resulting products were digested with appropriate enzymes and ligated to pCkaiABC. The mutated pCkaiABC was introduced to NUC43. To produce mutant KaiC in E. coli, the mutated kaiC ORFs were amplified by PCR and ligated to pGEX6P-1 vecter (Amersham).
Assay of bioluminescence
After 12 hours of darkness to entrain the circadian clock, the bioluminescence profile from the PkaiBC reporter was monitored under continuous light conditions at 30ºC with a photomultiplier-based assay system as described previously (S2) .
Western blot analysis
Immunoblot analysis was performed as described previously (S4) . The cells were resuspended in 500 µl SDS sample buffer (62.5 µM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol), disrupted using a Multi-Beads Shocker (Yasui Kikai, Osaka, Japan), and used for Western blot analysis with antiserum against KaiC (S4) . Densitometric analysis of the blots was performed with NIH Image software.
Supporting Text
We measured the activity of ATP hydrolysis of KaiC using [γ-32 P] ATP. However, the ATP hydrolysis activity was an undetectable level. As shown in Fig. 3 of our previous report (S5), transitions of KaiC phosphorylation state to equilibrium in the presence or absence of KaiA were both quite slow. Although KaiC has two phosphorylation sites, we simplified reactions of KaiC autophosphorylation and autodephosphorylation reaction as shown by Eq. 1 and 2.
Here, N(t) and P(t) represent the relative amount of nonphosphorylated and phosphorylated KaiC, respectively. The time course of the change of KaiC phosphorylation state is led from Eq.2 and represented as Eq. 3.
Here, P(0) and P equi are the relative amount of phosphorylated KaiC at an initial state and equilibrium, respectively. Eq. 3 indicates that the transition rate of KaiC phosphorylation to equilibrium is defined by the sum of k 1 and k 2 . By fitting Eq. 3 to the experimental result shown in figure 3, C and D, in our previous reports (S5), we estimated the rate constants (k 1 and k 2 ) to be 10 -3 to 10 -4 s -1 , both in the presence and absence of KaiA.
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